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Abstract: In this paper, the results of six years of research in engineering 
education, in the application of the European Higher Education Area (EHEA) to 
improve the performance of the students in the subject Analysis of Circuits of 
Telecommunication Engineering, are analysed taking into consideration the fact 
that there would be hidden variables that both separate students into subgroups 
and show the connection among several basic subjects such as Analysis of 
Circuits (AC) and Mathematics (Math). The discovery of these variables would 
help us to explain the characteristics of the students through the teaching and 
learning methodology, and would show that there are some characteristics that 
instructors do not take into account but that are of paramount importance. 
Introduction 
The last six years have experienced a change in the teaching and learning methodology at 
university, in which professor of basic subjects of Telecommunication engineering such as 
Analysis of Circuits (AC) have moved from a traditional way of teaching to the application 
of the European Higher Education Area (EHEA) in order to improve the performance of 
the students. 
The educational experiment presented in this paper was carried out in several stages. At 
the beginning, treatment and control groups were formed in AC, and some partial results 
were achieved. In the second stage, an analysis among all the subjects of first year students 
was carried out. The results of these two stages have been published in journals and 
international conferences on engineering education [Hernandez, Palmero et al. (2009); 
Hernandez, Palmero et al. (2010); Hernandez, Bonache et al. (2010)]. 
In [Hernandez, Bonache et al. (2010)], when conducting the statistical modelling of the 
student marks of AC, as a result, it was obtained that the observations were classified into 
two groups taking into consideration their probabilities of membership to these two 
groups . Hence, the threshold that divided both groups was found. Consequently, given the 
value x of X (mark), the threshold allowed us to decide which group an element belonged 
to. Now, we are interested to find the qualitative characteristics that distinguished the 
students of the groups that were obtained when classifying. 
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Taking into account the previous analysis for the marks, it can be said that there were 
some factors or hidden variables that were affecting significantly the academic results of 
the students and originating heterogeneity. That is to say, there were some factors that 
were producing a higher variability than the rest and, as a result, these factors were 
segmenting the population. 
Here, it is important to point out that for the case under analysis the only information 
available was the marks of AC, which was not enough to look for the qualitative factors 
that differentiated the students of the two groups. However, it was suspected that one 
important factor, among others, was the following: how Mathematical tools are used in AC. 
The academic results in Math should have an influence in the ones in AC and could be one 
of the reasons for segmenting the population. Hence, in order to continue improving the 
performance of the students in AC, it could be interesting to study whether the results in 
Mathematics I (MATI) have influenced the ones in Analysis of Circuits I (ACI), and if the 
marks in MATI represent a factor that segment the mark in ACI. 
Finite mixture of regression 
In the third stage, which is the current one, the marks and trajectories of the students that 
were majoring in Sound Systems (SM) and Telecommunication Systems (TM) in the 
subjects ACI and Math, have been collected (MATISM, ACISM, MATITM, ACITM) for six 
years and compared with each other. Instructors of both subjects (i.e., ACI and MATI) have 
worked together and new interdisciplinary materials of study have been created 
[Hernandez (2010)]. 
The study that has been carried out from the marks of the students has been the following: 
First, from the dispersion diagrams shown in Fig.1 and the calculation of the correlation 
coefficient (0.5345 for SM and 0.4822 for TM), it is observed both that there exists a linear 
relation between the independent variable MATISM (variable x) and the dependent 
variable ACISM (variable y), and that there also exists a linear relation between the 
independent variable MATITM (variable x) and the dependent variable ACITM (variable 
y). Hence, a linear regression model could be adjusted to the data. Nevertheless, when 
observing Fig. 1 deeply it can be seen that the marks in ACI are not homogeneous among 
students with similar marks in MATI. Therefore, it could be suggested that there are 
several groups for which a linear regression model would represent a good 
approximation. That is to say, there exists a different linear relation for groups of students 
for the level, the slope and the variability [Justel (2001)]. 
For the regression models it is assumed that the regression coefficients are the same for 
all the observations and it is also assumed that the sample (,)iiyx is a homogeneous group. 
In many cases, as it could be ours, the former assumption cannot be made if there are 
important variables that are not included in the model; that is, there is non-observed 
heterogeneity. 
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Figure 1: Dispersion diagrams: Marks of Math vs. ACI for students majoring in SM and TM 
Therefore, second, the model that is going to be specified is a finite mixture of regression 
models. That is, a set of K regression models [Justel (2001); Hurn et al. (2003); Frühwith-
Schnatter (2006); Bishop (2006); Leisch (2004)] 
 =  +  + ,    ~(0, 	
) 
characterized by their parameters: 
(, , 	
), … … . , (, , 	
) 
Thus, the density function of the mixture is given by 
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where  · | + , 	
 represents the density function of the normal with mean 
 +  and variance 	
, · | + , 	
 was called a component of the mixture o class, 
i stands for a priori 	
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
 stands for the set of all the 
parameters of the model. 
Third, all the pairs (, ) are observed and the following parameters are estimated:  
, … , , , … , , , … , , 	
, … , 	
, 0 <  < 1,   = 1


 
In order to estimate the model parameters, the first step is to estimate the number of K-
components of the model. To that end, the best model, Mi, will be chosen by using the 
Bayesian information criterion (BIC) [Hastie et al. (2001)]: 
 = () = 2 log () + () log  ,  = 1, … , 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where L(Mi) represents the likelihood function for parameters in Mi, evaluated at the 
maximum likelihood estimators, and () represents the number of parameters of the 
model . The model that will be chosen is the one with the smallest BIC. 
Here, all the calculations are carried out by using the flexmix Package of R [R-project for 
statistical computing; Leisch (2004); Grün & Leisch (2007)], and the following results are 
shown: 
 
After K is determined (K = 3), the second step is the estimation of the parameters. To that 
end, the EM algorithm is used [Bishop (2006); Hastie et al. (2001)] and a test for 
significance of regression coefficient [Grün & Leisch (2007)] is carried out. 
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Usual R convention: 
Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 · 0.1 1 
The above results, in both cases, tell us that know we should test a sub-model in which the 
ordinates in the origin of two components be equal to zero (for the case of SM) and the 
slope of the third component be equal to zero (for the case of TM). For SM and TM, the BIC 
of the sub-model is obtained and compared with the BIC that were previously obtained. 
 
Therefore, the sub-model for SM is chosen and the estimations of the parameters are the 
following: 
 
In addition, the sub-model for TM is chosen and the estimations of the parameters are the 
following: 
Universidad Politécnica de Madrid (UPM)  Página 313 de 957 
 
 
 
Proceedings of Research in Engineering Education Symposium 2011 
Madrid, 4th - 7th October 2011 
 
 
The estimated a posteriori probability that the i-th observation belongs to the j-th 
component 1, 2, 3 is given by [Bishop (2006); Leisch (2004); Hastie et al. (2001)] 
 
The a posteriori probabilities can be used to build groups or clusters with the data 
assigning each observation to the component with maximum a posteriori probability. For 
the case under analysis, the marks are classified in three groups (clusters) shown in Fig. 2. 
 
Figure 2: Clusters that are built with the data assigning each observation to the component with 
maximum a posteriori probability 
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and the percentages of the classifications of each group are the following: SM1: 66.32%, 
SM2: 23.12%, SM3: 10.54%, TM1: 65.14%, TM2: 22.02%, TM3: 11.36%. 
Conclusions 
To sum up, for SM and TM there exist three heterogeneous groups in the data and we 
would have the attachment of each student to each one of these groups, as well. Moreover, 
it has been observed that in TM there is a small group (cluster) of students whose marks 
tend to oscillate around a constant mark in AC (TM3). In addition, it has been observed 
that also there are two groups (clusters) consisting of most of the students (approximately 
2/3 parts) in which there would be a linear relation between the marks of AC and Math in 
SM and TM (SM3 and TM1). 
Furthermore, observing TM1 and TM2, it could be suggested that there exists a hidden 
variable that will allow us to explain the membership to each one of these groups, which 
would occur in a similar but not so clear manner when observing SM2 and SM3. For the 
case of SM1, it results that the students have approximately the same marks in Math and 
AC. Hence, it should have to be taken into consideration the fact that there would be 
hidden variables that separate students into subgroups. The discovery of these variables 
would help us to explain the characteristics of the students through the teaching and 
learning methodology, and would show that there are some characteristics that 
instructors do not take into account but that are of paramount importance. 
Future research plans 
In order to discover significant differences among engineering students, it is important to 
study both the information collected from the students and the questions that would be 
interesting to ask them, because there would be hidden factors that we want to discover. 
To be more specific, from the finite mixture model that has been adjusted to the data, in 
order to try to find the variables that explain the above-mentioned clusters, we think that 
there is some information about the students that have not been taken into consideration 
yet. For instance, it is important to know the number of times each student has taken the 
subjects AC and Math. Furthermore, as these subjects are first-year, first-semester 
subjects, it could be possible that subjects such as Physics and Mathematics taught 
previously to entering university are influencing the performance of the students in their 
first academic year at university. 
In addition, as during the educational experiment it was observed that there are groups 
whose marks oscillate around a constant value in the subject AC, this would suggest that 
these groups consist of students who have centered their preparation in Math and have 
probably abandoned AC. This abandonment could be analyzed by means of introducing 
the performance of the students during the course assignments of AC and Math, as another 
explanatory variable in the model. 
Finally, it is important to point out that this educational experiment is an ongoing work, in 
which the next stage would consist of trying to discover the existence of specific 
characteristics of each cluster. To sum up, we would try to discover a pattern in the data, 
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which obviously would mean an improvement in the teaching and learning process in AC 
and Math. To this end, besides of the marks of the students in AC and Math, for the next 
stage of the educational experiment it would be necessary to manage to get additional 
information from the students. 
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